Introduction
The declining importance of tobacco production in Connecticut and Massachusetts, the likely reduction in the acreage needed to support a shrinking dairy industry, and the growing concern with agricultural land preservation have brought about considerable interest in expanding vegetable production in Southern New England. Furthermore, the proximity to major metropolitan areas gives the cited region a major advantage in the production of vegetables for the fresh market (Swack-hamer).
In the past, economies of size, almost yearround growing seasons, easy access to migrant labor, aggressive marketing techniques, and improved transportation systems, have favored the production of fresh fruits and vegetables in the far west, southwest and Florida. Wyson, Leigh, and Ganguly present evidence suggesting that such comparative advantages in the western part of the United States may be on the decline. In California, for example, vegetable production might be adversely affected by potential water shortages, relatively high transportation and refrigeration costs, and by a growing pressure for higher farm wages.
The degree to which vegetable production might be an economically viable undertaking in the relatively small farms that characterize New England requires further investigation.
Thus, the purpose of this paper is to present an economic evaluation of vegetable production. The specific objectives are to examine economies of size, and to determine the potential profitability of vegetable production in the Connecticut River Valley. Economic engineering and linear programming (LP) techniques are used in this study based on criteria presented by Madden. Specially relevant to this choice is the absence of vegetable production data at the farm level.
The organization of the paper is as follows. Section two contains a description of the data and assumptions, followed by a brief discussion of the LP model in section three. The major results are discussed in section four and the last section presents the summary and major conclusions of the study.
Data and Assumptions
In this study, farm size is jointly determined by machinery size and by the amount of time available to complete field operations in each of 14 time periods. Following Carter and Dean, output is measured by the level of gross returns (GR) and thus average total cost (ATC) is equal to total costs (TC) divided by gross returns (i.e., ATC = TC/GR). Gross returns are determined using Hartford Regional Market (wholesale) average prices for the period 1982-1984 and expected yields for the study area (Connecticut Department of Agriculture). Based on published price spread information (U.S. Department of Agriculture) the wholesale prices are reduced by 30 percent in order to allow for marketing costs and thus generate estimates of prices received by farmers (farm prices).
Five machinery sets, based on individual and combinations of individual machinery complements, are used to determine five different farm sizes for two time scenarios.
1 In order to identify the most efficient acreage for a given machinery set, land is first treated as a variable input at a cost of $150 per acre. Once the most efficient acreage is identified, land is treated as a fixed input. This is a common approach in studies of this type. (For details see Jensen; Madden; and Miller, Rodewald, and McElroy.) An additional component of fixed costs is a $15,000 charge for each full-time skilled worker, assuming that one such worker is needed for every tractor in the machinery set. A summary of the characteristics of the five farm sizes used in the analysis is presented in Table 1 .
The LP analysis is based on two time availability scenarios. For both scenarios, the length of each time period is a function of daylight hours, number of days per period, and precipitation. Light hours per day for a specific time period are approximated from a sun path diagram for 40 degrees north latitude. Total number of days for each time period is determined based on the scheduling of possible field activities that occur in vegetable production during particular times of the growing season. May and June, which typically require the greatest number of field operations within small spans of time, are each divided into three time periods. July, August and September are each divided into two time periods. The first and last of the 14 time periods are relatively long, since in these periods there are few time-specific activities to be performed. It is further assumed that two daylight hours are used for breaks, lunch, and routine machinery maintenance. Time availability for each period is calculated by the following equation:
where: TAPP = time availability per period, DIP = number of days in a given period, DLH/D = average day-light hours per day, H = two hours for lunch and break time, and P(NDD) = probability of N consecutive dry days. A day is considered to be dry if it has less than 0.10 inches of precipitation. Time availability for Scenario A is based on the probability of two consecutive dry days (N -2), while time availability for Scenario B is based on the probability of three consecutive dry days (N = 3). The dry day probabilities are calculated using twenty years of precipitation data from the Bradley Field Weather Station, which is located in the study area. Table 2 summarizes the length of each time period, probabilities of dry day sequences, and time availability for both scenarios. The data indicates that Scenario A has a total of 1,075 hours compared to 746 hours in Scenario B, or what amounts to about 31 percent less hours in the latter case compared to the former.
A total of 23 vegetable crops have been included in the model. Enterprise budgets for each crop specifying variable costs, machinery and labor requirements, and gross returns per acre have been constructed to reflect recommendations made by the PJant Science Department at the University of Connecticut. These recommendations are for soil and weather conditions that prevail in the study area. Enterprises were defined to allow for double cropping when feasible. The per acre costs of purchased inputs and non-machinery labor variable costs are assumed to be constant for all farm sizes. Table 3 presents estimated farm prices and per acre yields, gross returns, cost of purchased inputs, and return over purchased inputs for the 23 vegetable enterprises included in the model. (For details on the enterprise budgets see Bravo-Ureta, Fueglein, and Ashley.)
As indicated earlier, operator labor is treated as a fixed input and is assumed to provide the labor needed to perform all machinery operations. Unskilled labor, needed for transplanting and harvesting, is assumed to be available in unlimited amounts at a cost of $4.50 per hour. The harvest rates for the various vegetable crops are based on published information (Christensen, Martin, and Lucier; Dhillon; and Phelps and How) supplemented by a telephone survey of selected producers. Finally, machinery variable and fixed costs were calculated following standard procedures established by the American Society of Agricultural Engineers. (For details on machinery costs see Fueglein).
The Linear Programming Model
The linear programming model used to determine economies of size and optimal cropping 154 October 1986 NJARE Z = profits, C j = returns over purchased inputs for growing activity j, X j = the level of activity j, C = variable cost of machinery activity k, k X = the level of machinery activity k, k FC = total annual fixed costs, A ij = the amount of resource i consumed by each unit of activity j, and Additional points on the SRAC curve for each farm size are generated in Stage Two where the objective function is the minimization of total costs of production. For a given farm size, the minimization problem is solved several times by fixing gross returns (i.e., output) at decreasing percentages of the maximum gross return level obtained in Stage One. This procedure is repeated several times in order to generate SRAC curves for each of the five farm sizes under both time availability scenarios. The long run average cost (LRAC) curve for each time scenario is then drawn as the envelope to the minimum points of the various SRAC curves generated in Stage One.
Stage Two of the model can be expressed as: Table 4 shows gross returns, total costs, average total costs, profits and land used for the five farm sizes considered under Scenario A. Farm One, the smallest operation, shows a minimum SRAC of 87 cents (i.e., 87 cents per dollar of gross returns) when output (i.e., gross returns) is $37,819. By moving from Farm One to Farm Two, the low point on the SRAC curve drops to 67 cents when output reaches $79,999. For the other three farms SRAC continues to decline, reaching a minimum of 58 cents at the $599,215 gross return level for Farm Five. Stated differently, expanding from Farm One to Farm Two results in a 23 percent reduction in the minimum SRAC. Minimum SRAC for Farms Three, Four, and Five are 29, 32, and 33 percent lower, respectively, than Farm One.
Results
As discussed earlier, additional points on the SRAC curves are generated by sequentially lowering gross returns from 100 percent to 40 percent of the optimal output levels obtained in the maximization problem and then solving the LP model as a minimization problem. The highest points on the SRAC curves generated in this manner range from $1.54 for Farm One to $0.82 for Farm Five at 40 percent of the optimum output. It should be noted that the break-even point occurs when SRAC is equal to $1.00. Table 5 shows gross returns, total costs, average total costs, profits, and land used for the five farm sizes considered under time Scenario B. The reader should remember that Scenario B has approximately 31 percent less time The results of Scenario B indicate a 27 percent reduction in the minimum SRAC by moving from Farm One to Farm Two. The lowest SRACs associated with Farms Three, Four, and Five are 31, 35, and 36 percent lower than the corresponding figure for Farm One. The highest points on the SRAC curves shown in Table 5 range from $2.22 for Farm One to $1.08 for Farm Five. Figure 1 shows the LRAC curves obtained by drawing an envelope to the SRAC curves for each farm size under both time scenarios. Also shown are the SRAC curves for scenario B. Both LRAC curves are clearly 'L' shaped and indicate that average costs in vegetable production decrease rather rapidly up to about $100,000 and $60,000 of gross returns in Scenarios A and B respectively, leveling off thereafter. It should be noted that the methodology employed in this paper excludes the possibility of increasing average costs and thus of a 'U' shaped LRAC curve.
A comparison of the results from the two scenarios reveal, as would be expected, larger gross returns and acreages for Scenario A farms. Under Scenario A, gross returns on the lowest points of the SRAC curves range from a low of $37,819 to a high of $599,215, whereas output levels for Scenario B range from $23,821 to $370,629. The most efficient acreages identified for farms under Scenario A range from 9.65 acres (Farm One) to 153.91 acres (Farm Five). Corresponding acreages for Scenario B are 6.07 and 97.32.
The profit figures displayed in Table 3 and  Table 4 clearly show a positive relationship between profits and farm size. In Scenario A Farm One shows a loss at both the 40 and 60 percent gross return levels, and Farm Two shows a loss at the 40 percent level only. All other solutions for Scenario A exhibit positive profits. By contrast, in Scenario B Farm One shows a loss at all output levels, Farm Two shows a loss at the 40 and 60 percent levels, and the remaining three farms experience a loss at the 40 percent output level. Table 6 presents gross returns, land used, and cropping patterns at the 100 percent gross return level for all farms considered. The Scenario A results indicate that Farm One and Farm Two grow three crops-early spinach, followed by late cucumbers, and late cauliflower. By contrast, Farms Three, Four, and Five grow four crops-early spinach, and peas, followed by late cucumbers, and late cauliflower. The cropping patterns for Scenario B are the same as those for Scenario A except for Farm One which does not grow cauliflower and Farm Two which also grows peas.
Unskilled labor costs were increased frorr $4.50 to $9.00 per hour in order to determine the sensitivity of optimal cropping patterns and farm profitability. This sensitivity analysis was performed only for Scenario B in conjunction with the 100 percent gross return option. The resulting optimal cropping pattern, shown in the lower portion of Scenario B. Increasing unskilled labor costs from $4.50 to $9.00 produces a marked reduction in projected RORs as shown in the lower portion of Table 7 . In all cases, RORs are positively and strongly related with farm size, although there is little gain when moving beyond Farm Four especially in Scenario B. 16.0
Summary and Conclusions
The purpose of this paper was to present an economic evaluation of vegetable production in the Connecticut River Valley. The specific objectives were to analyze economies of size and profitability, using a linear programming model, for five farms varying in size. Five individual machinery sets in conjunction with two field time availability scenarios were the factors determining farm size. The results show that economies of size in vegetable production are largely exhausted by a one full-time operator farm with a 30 H.P. tractor and complement. Moving beyond two full-time operators yields negligible cost savings. The results also indicate that when operating at the lowest point on the short-run average cost curve all farms analyzed are profitable except for the smallest. A sensitivity analysis demonstrates that farm profitability is sharply affected by assumptions concerning labor costs and field time availability.
Calculated rates of return on average investment range from a low of negative 30.7 percent for the smallest farm to a high of 57.4 percent for the largest farm. The figures suggest that moving from four to five full-time operators leads to a minimal increase in the rate of return on average investment. The fueglein and Bravo-Ureta acreage associated with the minimum points on the SRAC curves vary from 6.07 to 153.90 for the smallest and largest farms, respectively.
In conclusion, this study suggests that economies of size in vegetable production are exhausted rapidly and that vegetable production can be profitable in the Connecticut River Valley even in relatively small operations. As usual with this type of study, the results should be interpreted with caution for several reasons. First, price and yield variability (i.e., risk) are excluded from the model, which suggests that different and/or more diversified cropping patterns than those generated by the model might be preferable. The exclusion of risk also suggests that the rates of return actually experienced in vegetable production are lower than those reported in this paper. A second concern stems from assuming that unskilled labor is available in unlimited quantities at a constant price. In areas where the labor market is relatively tight and the growing season short, such as New England, a sudden expansion in agricultural production could drastically increase labor costs, particularly in a labor intensive enterprise such as vegetable production. A third limitation of the study concerns the assumption that marketing costs are equal to 30 percent of the wholesale price for all crops and farm sizes. This assumption may not be viable, since conversations with growers, extension agents, and others suggest that costs such as grading, packing and transportation might vary widely across crops and, more importantly for this study, across farm sizes. It is clear that this area requires further investigation. Finally, and closely related to the issue of marketing costs, is the lack of explicit consideration given to alternative marketing channels. Since New England producers can choose from a variety of marketing options, it would be useful to expand the model to simultaneously optimize cropping patterns and marketing channels.
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